clinically relevant HO. The prevalence of clinically relevant HO was highest in floating elbow injury, followed by combined olecranon and radial head fractures, types A and B distal humerus fractures, and terrible triad injury. By multiple logistic regression, factors that independently predicted clinically relevant HO were fracture-dislocation (OR, 4.87; 95%CI, 1.78-13.29; P = 0.002) and longer time to surgery (P < 0.05). Of the 26 patients with clinically relevant HO, 6 (23%) eventually required revision elbow surgery to improve ROM. Discussion: HO of the elbow occurred in almost one-third of our patients with surgically treated elbow fractures. Fracture-dislocation of the elbow and longer time to surgery independently predicted HO responsible for ROM loss. Clinically relevant HO was associated with significant morbidity. Level of evidence: Level IV, retrospective study.
Introduction
Elbow fractures are common injuries that account for 2% of all fractures and 30% of all upper limb fractures [1, 2] . Heterotopic ossification (HO) is a well-documented complication of elbow fractures seen in 3% of patients [3] overall and up to 15-20% of patients with severe elbow trauma responsible for fracture-dislocation [4] .
HO is the abnormal formation of mature lamellar bone at extraskeletal sites [5] . Symptoms may include pain, stiffness, loss of joint range of motion (ROM), and functional impairments [6] . Whereas many studies have investigated HO after hip trauma or replacement surgery [7] [8] [9] [10] [11] [12] , few published data exist on the prevalence and risk factors of HO after elbow fractures. However, during the conduct of were pathological elbow fracture, age younger than 18 years, and/or follow-up duration less than 6 months. Our decision to exclude patients younger than 18 years was based on the possibility that the propensity for developing HO may differ between skeletally immature and mature individuals. We identified 210 patients. A review of their electronic and handwritten records showed coding errors in 7 patients and age younger than 18 years in 81 patients. No patients had pathological fractures secondary to infection or malignancy. Thus, 122 patients were included, including 2 with bilateral elbow fractures, yielding 124 elbows for the statistical analysis ( Fig. 1 ). Follow-up was 6 months or more in all patients.
Data collection
We recorded the following clinical parameters for each patient: age and gender; mechanism of injury; presence of polytrauma, concomitant burns, or head injury; presence of fracture-dislocation and/or compound fracture; time to surgery; and intraoperative findings. Radiological parameters included presence or absence of HO on radiographs, with the location and severity of HO. Recorded outcomes were bone union and complications. All data were tabulated and subjected to statistical analysis. Mechanisms of injury were categorised as high-velocity, lowvelocity, and other. High-velocity injuries were road traffic accidents and falls from above standing height. Low-velocity injuries were direct impacts and falls from no more than standing height. The other injury category included crush injuries and gunshot wounds. Distal humerus fractures were classified using the Arbeitsgemeinschaft für Osteosynthesefragen (AO) system [16] and other injuries using descriptive terms to reflect their variable nature. These choices facilitated comparisons with previous studies [13] [14] [15] . Diagnostic groups included isolated olecranon fractures, isolated radial head fractures, transolecranon fractures, floating elbow injuries, terrible triad injuries, Monteggia injuries, distal humerus fractures, and combined olecranon and radial head fractures. Floating elbow injuries were defined as concomitant fractures of the distal humerus and proximal radius and ulna, and terrible triad injuries as fractures of the radial head and coronoid process combined with posterolateral elbow dislocation.
HO was sought on anteroposterior and lateral elbow radiographs taken repeatedly during follow-up (Fig. 2) . HO was categorised based on location relative to the elbow as anterior, posterior, collateral, anterior and posterior, anterior and lateral, posterior and lateral, and involving all three sites [17, 18] . HO was also classified according to effects on elbow ROM, using the Hastings and Graham classification [18] (Box 1), in which Class 1 Time to surgery was calculated from the time of emergency department triage to the time the surgical incision was performed. We categorised time to surgery as ≤ 24 hours, 2-7 days, and > 7 days. Postoperative radiographs were reviewed. Fracture union was defined as complete cortical bridging between the proximal and distal fragments with no visible fracture line. Computed tomography (CT) was not performed routinely. None of the patients received prophylactic or postoperative non-steroidal anti-inflammatory drugs (NSAIDs) or radiation therapy. All surgical procedures were performed by fellowship-trained orthopaedic consultants and specialist registrars.
Statistical analysis
Data entry was performed using a spreadsheet application (Excel 2003, Microsoft Corp., Redmond, WA, USA). Frequency tables and descriptive statistics are reported for all variables. Categorical variables are described as n (%) and continuous variables as mean ± SD or median, as appropriate. Bivariate logistic regression was used to assess associations between potential risk factors and HO development. Potential risk factors yielding P values < 0.05 by bivariate analysis were assessed in multiple logistic regression models to control for confounding factors. Values of P ≤ 0.05 were considered significant. Data analysis was performed using SPSS (version 16, SPSS Inc., Chicago, IL, USA).
Results

Patients and injuries
Mean age was 45.6 years (range, 19-89) and 73/122 (59.8%) patients were male. Mean follow-up was 14 months (range, 6-28).
The most common mechanism of injury (64/122, 52.4%) was low-velocity trauma consisting in slipping and falling on the outstretched arm or directly on the elbow, followed by road traffic accidents (37/122, 30.6%) and fall from above standing height (18/122, 14.5%). Crush injuries from an object falling on the elbow occurred in 2 (1.6%) patients and a gunshot wound in 1 (0.8%) patient. Polytrauma was a feature in 35 (28.2%) patients, including 8 (6.5%) with head injuries. None of the patients had burns.
The right and left sides were equally affected (62 elbows on each side). Fracture-dislocation was noted in 44 (35.5%) patients and a compound fracture in 14 (11.3%) patients. Time to surgery was ≤ 24 hours in 54 (43.5%) patients and 2-7 days in 49 (39.5%) patients. Isolated olecranon fractures were the most common fracture type (52/124, 41.9%), followed by isolated radial head fractures (16/124, 12.9%) and type C distal humerus fractures (15/124, 12.1%). Table 1 reports the demographic data, injury mechanisms, time to surgery, and fracture patterns.
Occurrence of heterotopic ossification (HO)
HO developed in 38/124 (30.6%) and clinically relevant HO in 26/124 (21%) surgically treated elbows. The prevalence of HO was highest in floating elbow injury, followed by combined olecranon and radial head fractures, terrible triad injury, and isolated radial head fractures. The prevalence of clinically relevant HO (Class 2 in the Hastings and Graham classification) was highest in floating elbow injury, followed by combined olecranon and radial head fractures, types A and B distal humerus fractures, and terrible triad injury (Table 2 ). Ankylosis (Class 3) did not develop in any of the elbows. The most common site of HO was the collateral ligament, with 10/38 (26.3%) cases (Table 3) . 
Risk factors for heterotopic ossification (HO) overall
Factors significantly associated with HO by bivariate logistic regression were male gender (odds ratio [OR], 2.32; 95% confidence interval [95%CI], 1.01-5.37; P = 0.049), compound fracture (OR, 3.56; 95%CI, 1.14-11.1; P = 0.029), fracture-dislocation (OR, 4; 95%CI, 1.79-8.95; P = 0.001), and longer time to surgery (P < 0.05). Age, presence of polytrauma, and concomitant head injury were not significantly associated with HO by bivariate analysis.
In the multiple conditional logistic regression model including factors significant by bivariate analysis, independent risk factors for HO were compound fracture (OR, 4.55; 95%CI, 1.22-16.94; P = 0.024), fracture-dislocation (OR, 2.94; 95%CI, 1.19-7.26; P = 0.02), and longer time to surgery (P < 0.05). The risk of developing HO increased with time to surgery: using the ≤ 24 hours category as the reference, the 2-7 days category had an OR of 3.78 (95%CI, 1.12-12.78; P = 0.033) and the > 7 days category an OR of 10.62 (95%CI, 2.96-38.09; P = 0.001) ( Table 4) .
Risk factors for clinically relevant heterotopic ossification (HO)
Risk factors for clinically relevant HO by bivariate analysis were fracture-dislocation (OR, 6.23; 95%CI, 2.42-16.05; P = 0.000) and longer time to surgery (P < 0.05). No significant associations were found for age, gender, compound fracture, HO site, polytrauma, or head injury. By multiple logistic regression analysis, independent risk factors for clinically relevant HO were fracture-dislocation (OR, 4.87; 95%CI, 1.78-13.29; P = 0.002) and longer time to surgery (P < 0.05). The risk of clinically relevant HO increased with time to surgery: compared to surgery ≤ 24 hours, surgery on day 2-7 had an OR of 5.34 (95%CI, 1.57-18.11; P = 0.007) and surgery > day 7 an OR of 7.88 (95%CI, 2.19-28.32; P = 0.002) ( Table 5 ).
Surgery for clinically relevant heterotopic ossification (HO)
Of 26 elbows with clinically relevant HO, 6 (23.1%) required revision surgery for elbow stiffness interfering with daily activities. The procedures consisted in implant removal with HO excision and soft-tissue release in 4 patients, HO excision and soft-tissue release without implant removal in 1 patient, and elbow manipulation under anaesthesia in 1 patient. None of our patients experienced HO recurrence after the revision procedure.
Other complications
Complications occurred in 2/38 elbows with HO. In 1 patient with a type A distal humerus fracture, fibrous non-union was successfully managed by total elbow replacement. Non-union also developed in a patient with a type C distal humerus fracture, who required bone grafting and revision internal fixation, after which no further complications occurred.
Of the 86 elbows patients without HO, 4 experienced complications, consisting in non-union in 2 patients, implant failure in 1 patient, and wound breakdown and infection in 1 patient.
Discussion
HO is common after elbow injuries and causes significant morbidity, with ROM limitations that impair function. Nevertheless, few studies have addressed the prevalence and risk factors of HO after elbow injuries. Knowledge about these two points is crucial to understanding the mechanism of elbow HO, developing management strategies, and meeting patients' expectations after surgery for elbow trauma.
The prevalence of HO after elbow fractures has varied widely, from 15% to 37% [4, 15] . Among consecutive patients who had surgery for elbow fractures in our study, 30.6% developed HO and 21% clinically relevant HO. These data are consistent with our latest literature review showing similar prevalence of HO in Singapore compared to earlier studies, most of which were from Western countries [13] [14] [15] .
In a case-control study reported in 2012, time to surgery ≥ 8 days yielded an OR of 12 for HO compared to time to surgery ≤ 24 hours [13] . In an earlier study of 41 patients [19] , no patients with surgery within 48 hours experienced Class 2-4 HO compared to 8/24 (33%) of patients who had surgery after 48 hours. Delayed surgery translates into longer immobilisation, as rehabilitation can start only after surgery, and longer immobilisation is associated with HO [20] . Similarly, we found that longer time to surgery independently predicted any HO and clinically relevant HO. Waiting longer than 1 week until surgery resulted in 10 times the odds of having any radiographic HO and 7 times the odds of having clinically relevant HO responsible for ROM limitation.
Fracture-dislocation of the elbow was associated with HO in earlier studies [4] . Similarly, in our study, fracture-dislocation independently predicted both any HO and clinically relevant HO. In two studies, HO after elbow fracture-dislocation occurred in 15-50% of cases [21] , and in another the risk of HO increased 5-fold in patients with both radial head fracture and elbow dislocation [3] . HO is believed to reflect severe elbow trauma in which damage to bony surfaces and the joint capsule results in formation of a hematoma containing pluripotent cells, which can then differentiate into bone cells.
In a study of 130 elbow fractures, HO interfering with ROM developed in 26 (20%) elbows, of which 13 (13/130, 10%) required revision surgery to improve motion by removing the ectopic bone [15] . Of these 13 patients, 1 experienced recurrent HO after revision surgery. Similarly, 26/124 (21%) elbows in our study had clinically relevant HO and 6 (4.8% of the total cohort and 23.1% of elbows with clinically relevant HO) required revision surgery for variable combinations of implant removal, HO removal, and soft-tissue release. This outcome was particularly common after floating elbow injury or combined olecranon and radial head fractures. In the earlier study of 130 fractures [15] , HO developed in 37% of patients with fractures involving the proximal radius and/or ulna. The high risk of HO in these injury patterns deserves close attention on the part of surgeons and appropriate information of the patients. Useful information might be obtained from studies of specific management strategies for these injuries, similar to those available for hip fractures and total hip replacement.
Clinically relevant HO resulted in substantial morbidity, with 23% of affected patients requiring revision surgery to improve elbow ROM. Given the frequency and clinical impact of HO, prophylactic measures have been developed. NSAIDs, such as indomethacin, have been proven to decrease HO formation after major hip fractures, but no studies have produced conclusive evidence of similar efficacy after elbow fractures. Prophylactic indomethacin therapy to decrease the risk of HO around the elbow has been advocated, despite the potential risk of inhibiting fracture healing [17] . Low-dose radiation therapy has also been shown to prevent HO formation after hip fractures [5, 22, 23] and singledose perioperative radiation therapy has been reported to prevent HO after elbow fractures [5, 22, 23] . We believe the prophylactic approach to HO can be viewed as a two-pronged strategy combining risk factor identification and management to minimise the impact on HO development, on the one hand, with the use of medications and/or radiation therapy, on the other. That a longer time to surgery and fracture-dislocation independently predict HO after major elbow fractures suggests a need for early fracture fixation, with impeccable surgical technique including optimal haemostasis and only as much dissection as strictly necessary, to minimise softtissue trauma. Both NSAIDs and radiation therapy may interfere with fracture healing. However, the risk/benefit ratio may favour prophylactic NSAID therapy in patients with elbow fracture patterns at high risk for HO. Our hope is that the identification of risk factors will assist in the individual tailoring of HO prevention strategies after major elbow fractures and in providing patients with high-quality information of use for setting reasonable expectations and anticipating possible complications.
The retrospective design is among the limitations of our study. Although none of our patients were started on NSAID therapy perioperatively, some patients may have taken NSAIDs after hospital discharge, as many of these drugs are available over the counter. The low incidence of burns and head injuries in our study population precluded a statistical evaluation of potential associations between these factors and HO. Operative times were influenced by various factors such as timing of patient presentation to the surgeon, operating room availability, and surgeons' preferences about whether to wait for soft-tissue swelling to resolve. Many different surgeons treated our patients. In addition, given the retrospective study design, the postoperative management programme was not standardised. Strengths of our study include the fairly large sample size and good follow-up rate.
Conclusion
HO developed in nearly one-third of our patients with major elbow fractures. Fracture-dislocation and longer time to surgery independently predicted HO. Clinically relevant HO was associated with significant morbidity, with 23% of these patients requiring revision surgery to improve elbow ROM. Knowledge of risk factors allows interventions designed to minimise their impact and improves the ability of patients to develop reasonable expectations based on the risk of postoperative complications.
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